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EXECUTIVE SUMMARY 
 
Background 
Failure to adequately address issues of wastewater treatment and disposal can lead to 
serious public health and environmental issues. However the cost of providing 
conventional sewerage collection and treatment facilities can be high and it may not be 
economically feasible, particularly in sparsely populated areas. In these circumstances, 
the onsite treatment of sewage is the logical alternative. Onsite sewage treatment 
systems are a common feature in most rural and urban fringe areas. In this regard, septic 
tank-subsurface effluent disposal systems are the most widespread due to their simple 
operation and maintenance procedures. However despite the seemingly low technology 
of these systems, failure is common and it can lead to significant adverse impacts. 
Therefore it is imperative that stringent compliance criteria and management practices 
are adopted in regards to their treatment performance and reliable strategies are taken to 
ensure householder compliance to these standards. 
 
The Project 
This research project constituted a field investigation undertaken in the Gold Coast City 
Council area on septic tank treatment performance and householder maintenance 
practices. Generally blackwater and greywater treatment is undertaken separately in the 
Gold Coast area. The current project focussed specifically on blackwater treatment 
systems. The study outcomes are expected to provide Gold Coast City Council with an 
informed overview of the current status of septic tank performance in its jurisdictional 
area. It is expected that this research will contribute to achieving the following primary 
objectives: 
• Provide a rational basis for strengthening regulatory strategies governing onsite 
sewage treatment in the Gold Coast City Council area. 
• Provide a specific focus for undertaking/strengthening public information strategies 
relating to septic tank operation and maintenance. 
 
Based on the outcomes of the study, a number of important conclusions have been 
derived and recommendations made. These are listed separately in the following pages. 
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SUMMARY OF KEY FINDINGS 
 
Based on the investigations undertaken the following key findings have been derived: 
• There is very limited appreciation among householders of the need for regular 
maintenance of septic tanks. In 70% of the sites investigated, there was an 
immediate need for sludge removal (Section 5.1.1, 5.1.2 and 5.2.2). 
 
• There is limited perception among householders of the adverse public health and 
environmental consequences of septic tank-soil subsurface effluent disposal system 
failure (Section 5.1.1). 
 
• Considering the average land allotment size, the density of septic tanks is relatively 
high in some areas. This increases the potential for possible contamination of water 
sources due to septic tank-subsurface effluent disposal system failure (Section 
5.1.3). 
 
• The testing of effluent from the distribution box alone was found to be inadequate to 
determine septic tank treatment performance. Inadequate retention capacity due to 
excessive sludge build up can lead to plug flow through the tank with greatly 
reduced sewage retention time. This would result in inadequate treatment of sewage. 
The almost immediate exit of wastewater from the septic tank means that 
conventional sampling will not give a factual representation of treatment 
performance and it is important that the septic tank itself is also inspected (Section 
5.3.2 and 5.3.3). 
 
• After eliminating 75% of the 25 sites investigated, primarily due to excessive sludge 
build up in the septic tank, 5 sites (83%) satisfied the compliance criteria for BOD 
removal and two sites (33%) satisfied the criteria for suspended solids and both 
BOD and suspended solids removal. Only one of the sites was able to satisfy the 
criteria for nitrogen removal and none for phosphorus removal (Section 5.3.2). 
 
• The spread of waterborne diseases due to the consumption of sewage contaminated 
water has been widely reported in research investigations (Section 7.2). 
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SUMMARY OF RECOMMENDATIONS 
 
Based on the outcomes of the investigations undertaken, a dual strategy is proposed to 
ensure that septic tank-subsurface effluent disposal systems are able to meet specified 
standards. The following recommendations have been made on this basis: 
1. A comprehensive householder awareness program on the correct septic tank 
operation and maintenance practices should be implemented. This needs to be 
designed and implemented to counteract current misconceptions with regards to 
septic tank maintenance and should take into consideration the diversity of the 
community. 
 
2. In order to ensure compliance with recommended practices, the householder 
awareness program needs to be linked directly to a stringent monitoring program to 
be undertaken by Gold Coast City Council. 
 
3. The two programs should commence together and should complement each other. 
 
4. As part of the monitoring program, the maintenance of a register or database of 
individual onsite treatment systems should be considered. 
 
5. The inspection of septic tanks, including sludge depth measurement should be an 
integral part of the monitoring program. 
 
6. The significant unreliability of septic tank treatment performance highlighted the 
need for adopting performance based strategies for the design and management of 
onsite sewage treatment systems as a whole. This should be underpinned by hazard 
characterisation and risk assessment and their integration into a single cohesive risk 
assessment framework. 
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Performance Evaluation of Septic Tanks in the 
Gold Coast Region  
 
 
 
1. INTRODUCTION 
 
1.1 Overview 
 
Failure to adequately address issues of wastewater treatment and disposal can lead to 
serious public health and environmental impacts. However the cost of providing 
conventional sewage collection and treatment facilities can be very high. As such, the 
provision of these facilities in sparsely populated areas is not economically feasible. It is 
in this context that the onsite treatment of sewage is considered as an attractive 
alternative. In the past, onsite treatment of sewage was mainly prevalent in rural areas 
and did not merit much attention due to the relatively low density of treatment systems 
over a given area. However this situation is changing rapidly due to the increasing 
spread of urbanisation, particularly in South East Queensland. The conversion of 
previously rural land into housing developments, and the more intensive development of 
urban fringe areas have meant that the provision of centralised sewage treatment 
facilities has not kept pace with urban developments. This can primarily be attributed to 
cost constraints. Under these circumstances the onsite treatment of sewage is the most 
feasible option and it can be surmised that this will be a regular feature in most urban 
fringe areas. There have been appreciable technological advances in terms of onsite 
sewage treatment leading to the development of large numbers of proprietary treatment 
systems. Despite this, the use of septic tanks-subsurface effluent disposal systems is the 
most common approach due to their relatively low cost and simple operational and 
maintenance procedures. 
 
However despite the seemingly low technology of these systems, failure is common, 
leading to public health, environmental and legal ramifications. Consequently, it is 
important that stringent operational and maintenance practices are adopted by 
  2
householders. It is imperative that the treatment system performance complies with 
stipulated criteria and standards. This not only applies to the treatment chamber but also 
to the associated effluent disposal area which is an integral component of the treatment 
train. 
 
 
1.2 Background to the Report 
 
In the case of septic tank-subsurface effluent disposal systems, both components of the 
treatment train play important and complementary roles. The septic tank determines the 
quality of effluent entering the subsurface disposal areas. This is one of the most 
important factors which determine the final quality of the wastewater being discharged 
to the groundwater. It dictates the long term performance of the subsurface effluent 
disposal areas. Past research has shown that the performance of septic tanks is 
significantly influenced by the maintenance practices adopted by the householders 
(Goonetilleke et al. 1999, 2000). This hypothesis formed the basis for this report. 
 
The investigations reported herein were initiated at the request of the Gold Coast City 
Council in order to evaluate the treatment performance of septic tanks. The research 
outcomes give the Council an insight into the level of compliance of the performance of 
septic tank systems in their jurisdictional area. It provides valuable field data essential 
for the formulation of rational planning and management strategies for ensuring 
improved householder compliance with stipulated standards and practices. 
 
As the failure of septic tank-subsurface effluent disposal systems can be common it is 
important that stringent regulation of onsite sewage treatment systems is enforced. This 
requires a multi faceted strategy that would encompass: 
• The development of performance based regulatory strategies to ensure compliance 
with relevant standards and codes of practice. 
• The continuous improvement and/or development of relevant design criteria based 
on currently available ‘state of the art’ research outcomes. 
• The undertaking of practical research in areas where there is a discernible lack of 
research knowledge. 
 
  3
However any initiatives to be implemented needs to be underpinned by relevant field 
data. The study outcomes discussed in this report will contribute to achieving this 
objective. It is hoped that this report will explicitly contribute to strengthen regulatory 
strategies governing onsite sewage treatment and particularly septic tanks. 
 
 
1.3 Scope and Outline of the Report 
 
The report contains the results of the monitoring and testing program undertaken to 
evaluate the performance of septic tanks treating blackwater. Chapter 2 provides an 
outline of the research project, its aims and objectives and scope of the study. The 
monitoring program has been discussed in Chapter 3. The process of site selection, 
householder survey, effluent sampling and the septic tank inspection program is 
included in the Chapter. Chapter 4 provides details of the testing program undertaken. 
This includes its rationale and the basis for undertaking the testing. 
 
The results obtained from the testing and monitoring program and its analysis is 
discussed in Chapter 5. Based on the outcomes of the field investigations and the testing 
program undertaken, a number of important conclusions have been derived. Chapter 6 
provides a detailed discussion of the key findings from the study and the 
recommendations made to rectify the shortcomings identified in septic tank 
performance and maintenance management. The consequences of system failure have 
been discussed in Chapter 7. It has been based on an extensive literature review that has 
undertaken on past investigations on system failure and its adverse public health and 
environmental implications. Chapter 8 discusses the overall conclusions derived from 
the study.  
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2. RESEARCH PROJECT 
 
This research project has undertaken a performance evaluation of septic tanks in the 
Gold Coast City Council area. Key factors which influence system performance, such as 
effluent quality and householder maintenance practices were evaluated during the 
course of the study. The data thus obtained provides Gold Coast City Council with an 
informed overview of the current status of septic tank performance in its jurisdictional 
area.  
 
A typical onsite sewage treatment system consisting of a septic tank and subsurface 
effluent disposal area is shown in Figure 1 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Typical septic tank-effluent disposal area layout 
(adapted from AS/NZS 1547:2000) 
 
2.1 Aims and Objectives 
 
The research study discussed in this report constitutes a field investigation undertaken to 
evaluate septic tank treatment performance and its relationship to maintenance practices 
Septic tank
Distribution box 
Gravel or crushed 
rock fill 
Absorption trench 
Unexcavated area 
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undertaken by householders. Consequently, the primary aims of the research project 
were: 
• to evaluate the quality of effluent being discharged into the subsurface effluent 
disposal area and its comparison with accepted criteria; 
• to investigate the maintenance practices undertaken by householders; and 
• to ascertain householder perceptions on septic tank maintenance.  
 
The outcomes derived are expected to contribute to the current understanding of the 
factors that influence the treatment performance of septic tank-subsurface effluent 
disposal system. It is expected that this research will contribute to achieving the 
following primary objectives: 
• Provide a rational basis for strengthening regulatory strategies governing onsite 
sewage treatment in the Gold Coast City Council area. 
• Provide a specific focus for undertaking/strengthening public information relating to 
septic tank operation and maintenance. 
 
 
2.2 Scope of Work 
 
A total of twenty five septic tank locations in twelve different suburbs were selected for 
investigations. This provided a representative mix of site characteristics inherent to the 
local government area. An extensive householder survey was undertaken at the 
commencement of the project to evaluate general operation and maintenance practices 
being adopted and perceptions in relation to septic tanks. This was subsequently 
followed up with effluent sampling from the distribution box and the measurement of 
the composition of the septic tank contents and particularly the sludge build up. The 
effluent quality and septic tank contents data was correlated with the maintenance 
undertaken by the householder and particularly in relation to the removal of sludge at 
recommended intervals. 
 
A primary aim of the project was to evaluate the effluent quality leaving the septic 
chamber and to ascertain the degree of compliance with the accepted standards. The 
septic tanks investigated under this project consisted of systems that treated only 
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blackwater and unfortunately there are no State or National guidelines which stipulate 
acceptable quality criteria for blackwater systems. However there are a number of 
publications which have specified acceptable quality for combined blackwater and 
greywater. This includes a number of studies undertaken in the United States (for 
example Crites and Tchobanoglous 1986; Laak 1986; SSWMP 1978;) and also the 
Interim code of Practice for Onsite Sewerage Facilities issued by the Queensland 
Department of Natural Resources (DNR 1999).  
 
The quality parameters measured were as specified in Table A7 of DNR (1999) for 
primary treatment systems. As the compliance levels specified in the various 
publications noted above are for combined systems treating black and greywater 
together, it was necessary to modify these compliance levels accordingly for purely 
blackwater systems. This has been discussed in further detail in Section 5.3. However, 
the other procedures stipulated such as the testing period and the number of samples 
tested was in compliance as specified in the Interim Code (DNR 1999). The effluent 
quality of each of the septic systems selected was needed to be analysed on a minimum 
of five different occasions within a time period of three months as specified.  
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3. MONITORING PROGRAM 
 
3.1 Site Selection 
 
The primary criteria governing the selection of sites were, that these needed to be 
located in areas: 
• which have a history of septic tank-soil absorption system failure; or 
• where there is potential for more intensive residential development taking place in 
the future. 
 
This essentially included most of the unsewered area under the Gold Coast City Council 
jurisdiction. Based on these criteria, suitable areas were initially identified by the Gold 
Coast City Council, Building and Technical Services Branch. Using the database 
available, it was possible to tentatively identify individual sites suitable for 
investigation. All the sites selected had separate greywater disposal systems and the 
septic tank was treating only blackwater. The identification of individual locations was 
undertaken by the QUT team in order to maintain confidentiality of the sites selected. 
 
The initial contact with the individual householders was by telephone to determine 
suitability and agreement for the use of the site. The success rate was in the range of one 
householder in ten. This was either the householder being agreeable to participate in the 
research program or the site being in compliance with predetermined criteria and thus 
satisfactory for the research project. During the telephone interview, basic information 
relating to the site was gathered on a checklist. A copy of the checklist referred to as 
‘Checklist 1’ is enclosed in Appendix A. The suitability of each site was confirmed by a 
visual inspection. Figure 2 shows the locations of the twenty five sites selected for 
investigation and Table 1 provides background details of these sites. 
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Figure 2 - Location of selected sites 
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Table 1 – Background details of selected sites 
Site Suburb No. of persons System age (yrs) 
1 Gaven 3 13 
2 Gaven 4 4 
3 Nerang 2/3 21 
4 Lower Beechmont 2 10 
5 Lower Beechmont 2 5 
6 Springbrook 1/2 9 
7 Bonogin 2 4 
8 Bonogin 4 5 
9 Talai 3/4 15 
10 Mudgeeraba 2 20 
11 River Downs 4 12 
12 River Downs 2/5 12 
13 River Downs 4 10 
14 Coomera 2/4 9 
15 Coomera 4/5 15 
16 Cabbage Tree Point 1 30 
17 Cabbage Tree Point 3 11 
18 Cabbage Tree Point 2 12 
19 Jacobs Well 2 23 
20 Jacobs Well 3 20 
21 Jacobs Well 3 25 
21B Jacobs Well 2 11 
22 Ormeau 3 7 
23 Ormeau 2 12 
24 Ormeau 2 12 
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3.2 Field Sampling and Monitoring 
 
The field sampling and monitoring activities undertaken included the following: 
1. Site inspection and householder survey; 
2. Collection of effluent samples from the distribution box; and 
3. Inspection and measurement of septic tank contents. 
 
 
3.2.1 Site inspection and householder survey 
During the initial site visit the following activities were undertaken: 
• evaluation of the site to assess its suitability, which resulted in the culling of a large 
number of selected sites. 
• householder survey to collect information relating to the treatment system. This 
included, its history, maintenance practices and usage. 
 
A copy of the checklist used for this purpose and referred to as ‘Checklist 2’ is included 
in Appendix A.  
 
 
3.2.2 Effluent sampling 
Samples were collected from the distribution box to determine the effluent quality prior 
to being discharged to the subsurface disposal area. A minimum of five effluent samples 
were to be collected from each site within a two month time period from October to 
November 2001. This is within the time period that was specified in Table A7 of the 
Interim Code of Practice for On-site Sewerage Facilities (DNR 1999). 
 
Due to the lack of adequate volume of sample in some sites, it was not possible to 
obtain the requisite effluent quantity from the distribution box in a single sampling 
episode and additional sampling trips were necessary. Field testing was undertaken 
immediately after sampling and the samples were then stored under refrigerated 
conditions for transport to the laboratory for testing. Laboratory analysis was performed 
by Gold Coast Water Scientific Services.   
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3.2.3 Septic tank contents 
The depth of scum, liquid layer or supernatant and sludge in the septic tank were 
measured at twenty three sites. Figure 4 illustrates the measurements undertaken. 
Measurements were undertaken using a 40 mm diameter clear ‘perspex’ tube with a 
non-return valve fitted at one end. This was pushed through the scum layer to the 
bottom of the tank and the valve sealed tight to obtain a profile of the tank contents. 
Sampling was done at the centre of the septic tank at the inspection opening.  
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4. TESTING PROGRAM 
 
4.1 Objectives and Rationale 
 
Figure 3 below shows the major components and pathways involved in the subsurface 
effluent disposal process. The effluent from a septic tank has a high concentration of 
BOD, nutrients, suspended solids and faecal microorganisms, thereby making it 
unsuitable for disposal into open water or land surface application and hence the need 
for subsurface disposal. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 – Major components and pathways in subsurface disposal of effluent 
(adapted from Bouma et al. 1972) 
 
The subsurface characteristics of the disposal area together with landscape factors are 
important parameters governing the performance of the treatment process. Under 
suitable conditions, the soil is an excellent treatment medium as soil materials can be an 
effective filter, both with respect to faecal microorganisms and chemical compounds. 
As the effluent percolates through the soil, the processes of sorption, filtration and 
oxidation will purify it (Bouma et al. 1972; Miller & Wolf 1975). 
 
However, the continuous application of effluent to the soil causes a clogging mat to 
form at the infiltrative surfaces of the absorption area. The formation of the clogging 
mat is inevitable and it has beneficial aspects due to its effective filtration 
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characteristics. However it can substantially reduce the infiltrative rate through the soil. 
Fortunately the clogging mat seldom seal the infiltrative surface completely. Generally 
an equilibrium condition is reached where effluent will percolate through at an almost 
constant rate (Bouma 1975; Bouma et al. 1972; Siegrist 1986). A primary factor 
governing the formation of the clogging mat is the quality of effluent being discharged 
to the disposal area. The effluent composition and particularly the concentration of 
organic matter and suspended solids are parameters, which influence clogging mat 
formation and hence the percolation rate through it (Frankenberger et al. 1979; Jones & 
Taylor 1965; Laak 1970; McCalla 1950). 
 
As effluent filters through the clogging mat, from among the primary pollutants, BOD, 
suspended solids and microorganisms will be removed. In the case of BOD and 
suspended solids, if their concentrations are excessive, it can result in the formation of 
an even more dense clogging mat. This will lead to a greatly reduced infiltration rate 
and possible surface ‘break out’ of effluent and failure of the soil absorption system. 
Therefore there is a maximum concentration that is acceptable. The other primary 
pollutant is nutrients, namely nitrogen and phosphorus. Phosphorus is removed through 
sorption by soil particles. However soils have a finite capacity for the sorption of 
phosphorus. Once this capacity is exceeded, the phosphorus discharged into the 
subsurface absorption area will not be retained but will gradually percolate into the 
groundwater (Harman et al. 1996; Robertson et al. 1991, 1998; Viraraghavan & 
Warnock 1976). Nitrogen contained in the effluent will not be retained by the soil. 
Nitrogen after conversion from ammonia-nitrogen to nitrate-nitrogen in the effluent 
disposal area will disperse easily through the soil, as a suitable environment for 
denitrification is generally not available. The dilution by groundwater is the only option 
available to mitigate the harmful impacts of nitrogen enrichment (Bouma et al. 1972; 
Kristiansen 1981, Miller & Wolf 1975; Reneau et al. 1989; Walker et al. 1973a,b). 
 
Therefore, the concentration of the primary pollutants in the effluent leaving the septic 
tank needs to be limited. This is to ensure that there is adequate treatment taking place 
in the subsurface effluent disposal area and to prevent the creation of public health and 
environmental hazards due to the discharge of partially treated effluent into the 
groundwater or surface water bodies. The concentration of BOD and suspended solids 
should be minimised to control clogging mat formation and to facilitate effluent 
  14
filtration. The concentration of nutrients should be minimised to ensure that excessive 
levels do not lead to enrichment of water bodies. The above rationale forms the basis for 
general effluent compliance criteria parameter selection discussed in Section 4.2 below. 
The measurement of septic tank contents was also undertaken for the same reasons. 
Excessive sludge and scum accumulation in the septic tank can lead to reduced 
detention time and the wash-out of accumulated sludge particles with the effluent. This 
in turn translates to inadequate treatment performance in the septic tank and the 
discharge of effluent of unsatisfactory quality to the subsurface disposal area.  
 
Based on this hypothesis, the testing program undertaken had the following primary 
objectives: 
• to determine the quality of effluent being discharged from the septic tank; and 
• the correlation of septic tank contents with the maintenance practices adopted by the 
householder.  
 
The results thus obtained would help to develop an informed overview of septic tank 
system performance in the Gold Coast City Council area. 
 
 
4.2 Parameter Selection 
 
The selection of effluent parameters for evaluation was based on the objectives outlined 
in Section 4.1 above. The effluent quality parameters selected included those specified 
in Table A7 of DNR (1999) for primary treatment and a number of additional chemical 
parameters due to their importance as indicators of the quality of effluent. These 
parameters together permits value judgements to be made with regards to the level of 
treatment provided by the septic tank and the ability of the subsurface disposal system 
to undertake further treatment of the effluent prior to being discharged to percolate into 
the groundwater. The effluent parameters identified for measurement is listed in Table 
2. The analytical methods adopted in the testing program are listed in Table 3. 
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Table 2 – Effluent parameters measured 
Parameter Effluent samples Reasons for selection 
Total Nitrogen x 
Total Phosphorus x 
5 day Biochemical Oxygen 
Demand (BOD) 
x 
Suspended Solids x 
Primary pollutants of interest in 
sewage/effluent. Most compliance 
criteria relate to these parameters. 
pH x 
Electrical Conductivity x 
Important indicators of effluent 
chemical characteristics. 
 
Table 3 – Analytical methods adopted for water sample testing 
Test Method Units 
Total Nitrogen  GCCC 10.21 mg/L 
Total Phosphorus GCCC 10.21 mg/L 
Suspended solids 2540 D2 mg/L 
Biochemical Oxygen Demand 5 day test 5210 B2 mg/L 
 
Notes: 
1. Gold Coast Water Scientific Services 
2. APHA (1995) 
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5. RESULTS AND ANALYSIS 
 
5.1 Field Investigations 
 
Tables 4 summaries the relevant information obtained during the field investigations 
and householder survey. The following discussion provides an analysis of the 
information gathered during the field investigations. 
 
 
5.1.1 Site selection 
The selection of suitable sites proved to be significantly difficult. The lack of site plans 
was a major impediment in this regard. It was necessary to select sites from a range of 
system ages and suburbs. The initial site selection was made from a list of almost 2,000 
locations obtained from GCCC. In the end this list proved inadequate and it was 
necessary to source additional locations using telephone numbers obtained randomly 
from the ‘White Pages’. The initial telephone contact and the subsequent follow up site 
visit resulted in significant culling of selected sites. The major observations noted 
during the site visit are: 
• A large number of householders seem to take the onsite sewage treatment system for 
granted and not an important facility that needed to be looked after. This was quite 
evident from the fact: 
1. that a significant number of householders were unaware of the location of the 
septic tank, distribution box and/or effluent disposal trenches. 
2. that five of the sites visited had laid pavers over the distribution box and 
trenches. 
3. that two of the sites visited had concrete paved over the distribution box and 
trenches. 
4. that in one of the sites where the effluent quality was monitored, the septic tank 
could not be located as the whole area had been covered with fill. 
 
• Another disturbing fact was that a number of locations did not appear to have 
distribution boxes. This was strongly evident in the area belonging to the previous 
Albert Shire Council. The suburbs of Jacobs Well and Cabbage Tree Point were the 
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most noteworthy in this regard. It was not possible to locate the distribution box in 
about 10-20% of the sites visited in these two areas. This situation was also evident 
in the Ormeau, Nerang, Mudgeeraba, Lower Beechmont, Springbrook and Coomera 
Shores areas, albeit though to a lesser extent. In fact one of the major landholders in 
the Ormeau-Kingsholme area, with a large number of rental properties confirmed 
that no distribution boxes had been in properties where he had installed septic tanks.  
 
The absence or difficulty in locating distribution boxes would pose a serous 
impediment if ever GCCC decides to implement a septic tank performance 
monitoring program. There would be major difficulties in obtaining effluent samples 
to evaluate septic tank performance  
 
 
5.1.2 Ongoing maintenance 
The periodic removal of sludge and scum that collects in the septic tank is an essential 
maintenance requirement for the proper functioning of the treatment system as outlined 
in Section 4.1 above. AS/NZS 1547:2000 recommends a removal interval based on a 
sludge accumulation rate of 50 L/person/year for systems handling only blackwater and 
a 24 hour wastewater flow retention capacity in the tank to a maximum interval of 5 
years. Based on the standard septic tanks being used, this equates to a sludge removal 
interval of 5 years for a household of 2 people and 3 years for a household of 4 people 
Unfortunately, based on the householder survey it appears that most are unaware of this 
essential maintenance requirement. As column 6 of Table 5 indicates, in the vast 
majority of sites (88%) there has not been any recent maintenance undertaken. It is 
noteworthy that 18 of the systems surveyed (or 72%) were over 10 years old and up to 
30 years and in the vast majority of the systems this essential maintenance practice has 
never been undertaken. Even in the case of the relatively newer systems, the 
householders did not appear to consider regular maintenance as an important factor for 
the satisfactory functioning of septic systems. These observations further strengthen the 
comments noted above in Section 5.1.1 regarding householder perceptions towards 
onsite sewage treatment systems. 
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Table 4 – Background data for the sites selected 
Si
te
 n
o.
 
Suburb 
N
o.
 o
f p
er
so
ns
 
Sy
st
em
 a
ge
 
(y
rs
) 
B
lo
ck
 si
ze
 (m
2 )
 
Recent maintenance 
1 Gaven 3 13 5,094 Pumped out 5 years ago 
2 Gaven 4 4 5,193 None 
3 Nerang 2/3 21 3,913 None 
4 Lower Beechmont 2 10 777 None 
5 Lower Beechmont 2 5 687 None 
6 Springbrook 1/2 9 1,012 None 
7 Bonogin 2 4 3,606 None 
8 Bonogin 4 5 3,293 None 
9 Talai 3/4 15 5,180 Pumped out 10 years ago 
10 Mudgeeraba 2 20 4,191 None 
11 River Downs 4 12 4,003 None 
12 River Downs 2/5 12 4,552 None 
13 River Downs 4 10 4,835 None 
14 Coomera 2/4 9 708 None 
15 Coomera 4/5 15 597 None 
16 Cabbage Tree Point 1 30 531 None 
17 Cabbage Tree Point 3 11 549 None 
18 Cabbage Tree Point 2 12 589 None 
19 Jacobs Well 2 23 554 Pumped out 2 years ago 
20 Jacobs Well 3 20 794 Trenches replaced and 
septic tank pumped out 1 
– 2 years ago 
21 Jacobs Well 3 25 1,475 None 
21B Jacobs Well 2 11 1,583 None 
22 Ormeau 3 7 6,726 None 
23 Ormeau 2 12 6,734 None 
24 Ormeau 2 12 5,259 None 
 
  19
Based on the householder survey, the following can be surmised: 
• The vast majority of the householders are not aware of the correct operational and 
maintenance procedures for septic tanks and particularly the need for regular 
removal of sludge. 
• There is very limited perception among householders of the adverse public health 
and environmental consequences of onsite sewage treatment system failure. 
 
The observations noted above are not altogether surprising, as other studies of this 
nature have also derived similar conclusions. Based on a survey of 101 systems in the 
Maroochy Shire Council area (Jelliffe 1995) and 18 systems in the Logan City Council 
(Goonetilleke et al. 2000), similar observations have been noted.  
 
 
5.1.3 Septic tank density 
In a number of sites, the land allotment size was relatively small. In fact in about 40% 
of the sites, the land area was 0.08 ha. or less. This in turn translates to a relatively high 
septic tank density for a given region (over 1250 systems per sq. km) and increased 
potential for contamination of water resources. Yates (1985) in a review of groundwater 
contamination by septic tanks in the United States has noted the following important 
conclusions: 
• septic tanks are the major contributors to groundwater pollution; 
• about 50% of the waterborne disease outbreaks in the US are due to the 
consumption of contaminated groundwater and septic tanks are the most frequently 
reported cause of the contamination; 
• septic tank density in an area is the most important factor influencing groundwater 
contamination. The US Environmental Protection Agency (US EPA) has designated 
areas with more than 16 systems per sq km as regions of potential groundwater 
contamination.  
 
The average land area for the entire twenty five sites investigated in this study was just 
under 0.3 ha which approximately amounts to about 345 septic tanks per sq km. This is 
over twenty times the US EPA recommended septic tank density for potential 
groundwater contamination. Whitehead et al. (2001) however has questioned this type 
  20
of prescriptive criteria and have quoted studies where much higher system densities (up 
to 900 per sq km) in a catchment were present. They have noted that it is difficult to 
demonstrate a consistent association between nutrient and bacterial contamination of 
surface or ground water and system density. They have also noted further research on 
effluent contamination pathways should be undertaken. 
 
Geary and Gardner (1996) in a review of research literature relating to septic tank 
density have quoted studies which recommend densities ranging from 15 to 25 septic 
tanks per sq km to ensure groundwater protection. They have further noted that where 
groundwater contamination is not an issue, the environmentally sustainable allotment 
size could be in the range of 0.4 to 1 ha. This would be in a situation where land values 
take precedence over the need to protect groundwater quality. It can be concluded that 
the optimum land allotment size would be dependent on the subsurface conditions and 
the environmental and public health values of the water resources in the area. 
Nevertheless, land allotment sizes in the range of 0.08 ha. (with a system density of 
1250 per sq km) can be considered to be excessively small for the provision of septic 
systems. Some of the sites investigated are no larger than blocks in suburban areas with 
reticulated sewerage systems. 
 
 
5.2 Sludge Depth  
 
5.2.1 Basis for analysis 
The septic tanks at the study sites were inspected and depth of contents was measured. 
Figure 4 below provides an adjunct to Table 5 to clarify the measurements obtained. A 
selection of photographs from this investigation to illustrate the comments made is 
given in Appendix C. The analysis undertaken with respect to the performance of 
individual septic tanks has been primarily based on the criteria given in AS/NZS 
1546.1:1998, On-site Domestic Wastewater Treatment Units. 
 
Column 11 of Table 5 gives the period of theoretical sludge and scum build up that can 
be accommodated in the septic tank before having to undertake any sludge removal. The 
two important criteria in this regard are the need: 
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• to ensure that there is sufficient clearance between the scum layer and the outlet 
fitting to prevent the escape of scum with the effluent. 
• to ensure that there is sufficient clearance between the sludge layer and the outlet 
fitting to prevent scouring and the escape of sludge particles with the effluent. 
 
The escape of sludge or scum with the effluent will increase the BOD or suspended lids 
concentration, thereby leading to accelerated clogging mat formation. Figure 5 below 
further illustrates these criteria. The lesser of the two values obtained based on the 
above criteria has been included in Column 11. The following Clauses from AS/NZS 
1546.1:1998 have been adopted for the relevant calculations: 
• sludge and scum accumulation is 50 L/person/year (Clause 2.4.1.3). 
• 24 hour retention capacity for daily water-closet flows (Clause 2.4.1.3). 
• the outlet fitting should extend to a depth of 330 mm below the invert of the outlet 
(Clause 3.5.2.2.2). 
• the outlet fitting should extend downwards to be not less than 75 mm below the 
scum layer. 
  22
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 – Septic tank cross-sectional profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 – Illustrating the criteria for determining sludge removal period 
Sludge zone
Scum zone
Clear water zone
 
 
175 mm min.
clearance
75 mm min. clearance
170 mm.
330 mm 
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Additionally, the following assumptions were also adopted: 
• The sludge accumulation was taken to be 60% of the total sludge and scum volume. 
This was based on a comprehensive research study undertaken by Caldwell Connell 
(1986) into septic tank performance. The average, median and 90 percentile values 
obtained in their extensive field studies were consistent with this percentage. 
 
• The minimum clearance between the outlet fitting and the sludge layer was taken as 
175 mm. This was based on criteria specified by United States Public Health Service 
(US PHS 1967). Admittedly, this is for 3,200 L all-waste septic tanks where the 
inflow of wastewater is assumed to be 200 L/person/day. The large majority of the 
septic tanks investigated in the current study were typically 1,475 L capacity and the 
inflow is in the range of 40 L/person/day. Therefore though the inflow is much less, 
the reduced volume also results in reduced length of travel between the inlet and 
outlet. This in turn translates to a reduced travel distance between the inlet and 
outlet being available to dampen the turbulence that would be created due to the 
change in flow path between the two openings. Due to the self-compensating nature 
of these factors, the assumption of a 175 mm clearance was considered to be 
reasonable in the absence of specific research studies in relation to septic tanks 
treating blackwater only.  
 
Laak (1986) has recommended a clearance of 100 mm for a 3,800 litre capacity 
tank. Allowing for the difference in parameters and hydraulic conditions within the 
septic tank for this increased capacity as noted above, this once again amounts to a 
similar clearance as adopted before. It is acknowledged that sole reliance on a 
prescriptive clearance between the sludge layer and the outlet can be misleading. 
Prevention of sludge scouring also needs to be related to the daily hydraulic loading. 
This is a function of the population using the system and geometry of the septic 
tank. The minimum clearance between the outlet fitting and the sludge layer is an 
issue, which merits further research. 
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Table 5 – Details of septic tank contents 
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420 31% 900 66% 50 3% 2 6 5 41 
220 16% 1150 84% 0 0% 1
13 Yes
5 5
y The septic tanks had been pumped out 5 
years ago.  
y The householder takes care in the operation 
and maintenance of the septic tanks such 
the use of chemicals. This could explain the 
reason for the low sludge level in the tanks. 
2   4 4 No 3 3 The septic tank could not be located. The 
whole area has been covered with fill. 
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Sludge depth Clear 
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3 1070 78% 0 0% 300 22% 2/3 21 No 4 4 0 y The septic tank is completely filled with 
sludge and scum. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
4 1370 100% 0 0% 0% 0% 2 10 No 6 5 0 y The septic tank is completely filled with 
sludge. 
y There is no space for the retention of 
wastewater inflow.  
y Scum has combined with the sludge and 
has bulked to rise to about 50 mm above the 
outflow. 
y The septic tank needs to be pumped out 
immediately. 
5 420 31% 950 69% 0 0% 2 5 No 6 5 4 The septic tank is 1,600 L instead of the 
commonly used 1,475 L tank. 
6 450 43% 600 57% 0 0% 1/2 9 No 5 3  
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Sludge depth Clear 
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7 1370 100% 0 0% 150 2 4 No 6 5 0 y There is 300 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The scum layer which has formed above 
the sludge has bulked and risen 150 mm 
above the outlet level to cover the baffles. 
y In attempting to open the septic tank, the 
gas collected inside blew the lid off. 
y It is possible that the outlet is blocked.  
y The septic tank needs to be pumped out 
immediately. 
y The septic tank is 1,600 L instead of the 
commonly used 1,475 L tank. 
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Sludge depth Clear 
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8 1270 93% 0 0% 100 7% 4 5 No 3 3 0 y There is 620 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
y The septic tank is 1,600 L instead of the 
commonly used 1,475 L tank. 
9 1200 88% 0 0% 250 12% 3/4 15 No 3 3 0 y The septic tank had been pumped out about 
10 years ago. 
y The septic tank is completely filled with 
sludge and scum. 
y The scum has bulked and has risen 80 mm 
above outlet level. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
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Sludge depth Clear 
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10 1300 95% 0 0% 150 5% 2 20 No 6 5 0 y The septic tank is completely filled with 
sludge and scum. 
y The scum has bulked and has risen 80 mm 
above outlet level and formed a hard crust. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
y The outlet baffle area has been subjected to 
a sulphide attack. 
450 43% 550 52% 50 5% 2 6 5 011 
250 24% 800 76% 0 0% 2
12 No
6 5 3
The main toilet septic tank should be pumped 
out within the course of the year. 
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1000 95% 0 0% 50 5% 2 6 5 0 y There is 500 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
12 
500 48% 550 52% 0 0% 3
12 No
4 4 0 The septic tank is being used only 
intermittently. The septic tank should be 
pumped out within the course of the year. 
13 220 16% 1150 84% 0 0% 4 10 No 3 3 3 This is the septic tank for the on-suite which is 
rarely used. The septic tank for the main toilet 
was not checked. 
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14 1100 80% 0 0% 270 20% 2/4 9 No 4 4 0 y There is 700 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
15 1250 91% 0 0% 120 9% 4/5 15 No 2 3 0 y The septic tank is completely filled with 
sludge and scum. 
y The scum has formed a hard crust. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
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16 1200 88% 0 0% 270 12% 1 30 No 5 0 y The septic tank is completely filled with 
sludge and scum. 
y The scum has bulked and has risen about 
100 mm above outlet level and formed a 
hard crust. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
17 1300 95% 0 0% 70 5% 3 11 No 4 4 0 y There is 600 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
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18 1370 100% 0 0% 0 0% 2 12 No 6 5 0 y There is 700 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
19 300 22% 1070 78% 0 0% 2 23 Yes 6 5 5 The septic tank had been pumped out about 2 
years ago. 
20 100 7% 1100 80% 170 13% 3 20 Yes 4 4 4 Disposal trenches replaced and septic tank 
pumped out about 1 – 2 years ago. 
21 1370 100% 0 0% 80 3 25 No 4 4 0 y The septic tank is completely filled with 
sludge and scum. 
y The scum has bulked and has risen 80 mm 
above outlet level and formed a hard crust. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
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21
B 
1370 100% 0 0% 0 0% 2 11 No 6 5 0 y The septic tank is completely filled with 
sludge and scum. 
y The scum has combined with the sludge. 
y There is no space for the retention of 
wastewater inflow.  
y The septic tank needs to be pumped out 
immediately. 
22 1370 100% 0 0% 0 0% 3 7 No 4 4 0 y There is 600 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
y The septic tank is 1,600 L instead of the 
commonly used 1,475 L tank. 
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23 1370 100% 0 0% 30 2 12 No 6 5 0 y There is 100 mm of compacted sludge and 
then a layer of very thick liquid up to the 
outlet consisting of supernatant and sludge 
mixed together. Hence the reason for 
including the entire depth as sludge. 
y The septic tank needs to be pumped out 
immediately. 
y The septic tank is 1,600 L instead of the 
commonly used 1,475 L tank. 
24   2 12 No 6 5 The householder did not want the septic tank to 
be investigated as he was going to be away on 
holidays. 
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Notes: 
a Identifies the systems where sludge removal has been undertaken within the specified time period. 
b This is based on the criteria of ensuring a minimum clearance of 75 mm and 175 mm respectively between the bottom of the scum layer 
and the outlet and the top of the sludge layer and the outlet. These calculations are based on the assumption that the outlet fitting is in 
compliance with AS/NZS 1546.1:1998. This is a reasonable assumption as the Australian Standard that was superseded, namely, AS 1546 
– 1990 also specified the identical dimensions for the outlet fitting. 
c This is based on the criteria given in AS/NZS 1546.1:1998, Clause 2.4.1.3 specifying a sludge removal period between 3 – 5 years. Based 
on the theoretical value described above, the value closest to this range was adopted as the specified period for sludge removal. The only 
variation to this was where the number of people served was 5. Based on the calculations undertaken, the sludge removal period was 
found to be 2 years which is below the lower limit specified in AS/NZS 1546.1:1998. 
d This has been calculated based on the remaining volume available for scum and sludge storage. It indicates the time available for the next 
removal of sludge. 
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5.2.2 Comments 
• It is worthy to note that the theoretical sludge removal period matches closely with 
criteria specified in AS/NZS 1546.1:1998 other than in the case of septic tanks 
serving a population of five and two people. In the case of a septic tank servicing 
five people, it is recommended that it should be pumped out every two years where 
an approximately 1,500L capacity tank is being used. 
 
In the case of a septic tank servicing two people, it is recommended that it should be 
pumped out every five years as stipulated in AS/NZS 1546.1:1998. This is because 
there is no guarantee regarding householder practices. Clear examples are Site 1 and 
Site 7, both of which service the same number of people. In the case of Site 1, even 
though the septic tank has been pumped out five years ago, it can still provide good 
service for a number of years more without having to be pumped out. However Site 
7 is only four years old, and it is completely filled with sludge and the outlet appears 
to be blocked. This could be due to a construction problem or householder practices 
which is not known at this stage. However the periodic inspection of the septic tank 
would help to rectify problems of this nature. 
 
• Sixteen of the twenty three septic tanks investigated (approximately 70%) were 
found to have excessive sludge and/or scum collected within the tank. Sludge 
removal in these tanks should be undertaken with immediate effect. Eight of these 
septic tanks were completely filled with sludge and there was no storage capacity 
available for wastewater retention. In most instances the scum layer has bulked and 
risen to be above the outlet level. This relates back to the comments made in Section 
5.1.2 regarding householder lack of awareness on proper septic tank maintenance. 
 
y The sludge removal period was determined based on a theoretical sludge 
accumulation rate of 40 L/person/yr. It could well be that with proper operational 
practices that the sludge digestion rate could be higher, thereby reducing the sludge 
accumulation rate to a lower level that the theoretical value. This appears to be the 
case clearly for Site 1 and possibly for Site 11. Also it can be noted that particularly 
in the case of septic tanks servicing 1 – 2 people, the sludge accumulation rate, 
averaged per person is relatively lower. This could be the result of increased sludge 
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digestion due to the time period available and the relatively low accumulation of 
fresh sludge. This appears to be the case for Site 5 and Site 6. 
 
The above comments could mean that sludge pump out period could be extended. 
However as noted above, considering the general level of householder awareness on 
septic tank operation and maintenance, this is not considered to be feasible. 
 
• Based on the responses obtained from the householder survey and lack of awareness 
of proper maintenance practices, it is likely that with time even more septic tanks 
would fall into the category of not having sufficient wastewater retention capacity. 
 
• The above observations highlight the need for implementing a householder 
awareness program regarding the correct operation and maintenance of septic tanks. 
 
 
5.3 Effluent Testing 
 
The results obtained from the effluent sampling are given in Tables 7 – 10. Compliance 
values given in Column 3 of the tables was derived after adjustments to the acceptable 
standard quality criteria specified for combined blackwater and greywater systems. 
These adjustments were necessitated as there are no State or National guidelines which 
stipulate acceptable quality criteria solely for blackwater systems. The septic systems 
investigated under this project treated only blackwater. Consequently the wastewater 
flows from these systems have relatively higher pollutant concentrations but a lower 
flow volume. The basis for the adjustments undertaken is explained in Section 5.3.1 
below. 
 
5.3.1 Derivation of compliance criteria 
(a) Wastewater generation assumed as 40 L/person/day 
This was based on the following assumptions: 
• The Victorian Household Wastewater Treatment Committee (HWTC 1990) has 
recommended a wastewater flow of 40 L/person/day from toilet usage only. 
• The South Australian Health Commission (SAHC 1988) has recommended a value 
of 50 L/person/day for premises, which have reticulated water supply. 
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• The Small Scale Wastewater Management Project (SSWMP 1978) based on studies 
undertaken has reported a toilet wastewater generation value of 34.8 
litres/person/day. They have also cited four other studies where the water usage 
amounts have varied from 55.6 – 74.8 L/person/day. 
• Based on the result of five studies, US EPA (1980) has recommended toilet usage to 
be 3.5 uses/person/day. Therefore if a 9 litre cistern is being used, this would 
amount to 31.5 L/person/day. Based on the values cited above, a value of 40 
litres/person/day is considered to be in the median range and reasonable. 
Considering a 9 litre cistern, this would amount to 4.4 uses/person/day. 
 
(b) Average pollutant concentrations in blackwater was assumed as: 
Parameter Concentration (mg/L) 
BOD5 420 
Suspended solids 675 
Total nitrogen 220 
Total phosphorus 30 
 
This was based on the following calculations: 
SSWMP (1978) has recommended the following average pollutant generation 
characteristics, based on their studies and six other studies undertaken previously:  
Parameter Pollutant generation 
gm/person/day 
BOD5 16.7 
Suspended solids 27.0 
Total nitrogen 8.7 
Total phosphorus 1.2 
 
The values given above have also been recommended by US EPA (1980). 
 
Based on these values and assuming a toilet water usage of 40 litres/person/day, the 
pollutant concentrations in mg/L cited above were derived. 
 
There are numerous studies undertaken in the United States, such as SSWMP (1978), 
Witt et al. (1974), Bennett et al. (1974), Ligman et al. (1974), Siegrist et al. (1976) 
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where the pollutant concentration in blackwater have been given. However it was 
decided not to adopt these values directly as the pollutant concentration would be a 
function of the water usage per each toilet event. As the toilet cistern capacity is less in 
Australia when compared to the United States, the pollutant concentrations would be 
relatively higher. It was not possible to locate any similar studies that had been 
undertaken in Australia. 
 
(c) The effluent quality compliance values were assumed as: 
Parameter Compliance value (mg/L) 
BOD5 190 – 380 
Suspended solids 170 – 475 
Total nitrogen 130 – 165 
Total phosphorus 10 – 15 
 
This is based on the calculations given in Table 6 below. 
 
It is acknowledged that the calculations undertaken to derive the compliance criteria for 
effluent quality was relatively simplistic. However in the absence of significant research 
on septic tanks treating blackwater only, this was the best option available. The 
calculations have been based on the best information available at the present time and 
efforts have been taken to maintain the underlying philosophy on which the 
performance criteria for combined systems specified by DNR (1999) has been based. 
Considering the fact that Queensland is one of the few regions either nationally or 
internationally where separate blackwater systems are permitted, further research to 
derive definitive performance criteria is recommended. 
 
It is further acknowledged that the adoption of prescriptive compliance criteria can be 
misleading and open to misinterpretation. In reality, compliance criteria should be based 
on risk. However in the current absence of a comprehensive risk assessment of onsite 
sewage treatment for the Gold Coast Region, the compliance criteria derived above 
provides a rational basis for performance evaluation. 
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Table 6 – Compliance criteria derived for blackwater systems 
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BOD5 120-240 45.2 265 10-55% 420 40-60% 190-380 
Suspended 
solids 
65-180 44.2 260 30 - 75% 675 50-70% 170-475 
Total 
nitrogen 
36-45 10.6 60 25-40% 220 10-20% 200≤ h 
Total 
phosphorus 
6-10 3.9 25 55-75% 30 %30≤  20≤ h 
a Though DNR (1999) has now been withdrawn in favour of AS/NZS 1547:2000, the 
compliance values specified were adopted as the latter does not provide similar 
compliance criteria. 
b These average values have been recommended by SSWMP (1978) based on studies 
undertaken by them and another six extensive studies. These values are excluding the use 
of garbage grinders. 
c This was based on a per capita water consumption of 171 L/person/day. This assumption 
is not in agreement with the value specified in DNR (1999) and AS/NZS 1547:2000, 
which is 200 L/person/day. The lower value of 171 L/person/day was adopted as this was 
the average water consumption rate that had been derived from the studies noted in item 
(a) above from which the pollution generation characteristics were obtained. 
d This is based on the compliance criteria given in Column 2 in Section (b) above. 
e The derivation of these values have been explained above. 
f Laak (1986) has provided general values for pollutant removal from septic tanks. These 
have been provided for purposes of comparison with those given in Column 5 above. 
g The range given has been based on values modified to account for the pollutant 
concentrations in blackwater whilst maintaining the same percentage removal rates except 
for nitrogen and phosphorus. 
h As the removal percentage for nitrogen and phosphorus given by DNR (1999) were 
considered to be too high, the percentage given by Laak (1986) was adopted. 
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5.3.2 Analysis of results 
 
A. Effluent sampling results 
As specified in DNR (1999), a minimum of five samples was collected from the 
distribution box within a period of three months. The results obtained have been 
tabulated in Tables 7 – 10 below. 
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Table 7 – BOD5 (mg/L) values for the samples 
For sampleb Site 
no. 
System 
age (yrs) 
Compliance 
valuea (mg/L) 1 2 3 4 5 6 
1 13 38 58 45 530 700 120 
2e 4 180 <60 50 180 94  
3c 21 330 180 140 250 220 110 
4c 10 260 490 420 360 270  
5 5 360 160 280 220 180  
6 9 110 160 98 46 62 98 
7d 4 190 220 200 190 170  
8d 5 150 74 64 100 110 110 
9c 15 720 >710 >740 750 720  
10c 20 170 130 210 240 240  
11 12 280 <60 <60 44 7  
12d 12 170 100 240 110   
13f 10 100 300 58 390 190 180 
14d 9 180 130 150 190 110  
15c 15 410 290 310    
16c 30 55 97 140 120 270  
17d 11 280 >710 160 110 120 200 
18d 12 >710 210 150 130 120  
19 23 210 270 250 260 250  
20h 20 560 420 430 440 250  
21c 25 720 400 >730 480 580  
21Bc 11 150 130 170 180 86  
22d 7 58 96 62 55 46  
23d 12 170 120 180 140 70  
24g 12 
380≤  
65 32 67 91 30  
 
Notes: 
Refer to Notes at the end of Table 11. 
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Table 8 – Suspended Solids (mg/L) values for the samples 
For sampleb Site 
no. 
System 
age (yrs) 
Compliance 
value (mg/L)a 1 2 3 4 5 6 
1h 13 140 1205 530 160 105  
2e 4 265 125 165 230   
3c 21 145 155 145 180 45  
4c 10 145 1390 330 250 140  
5h 5 205 420 645 200 1295  
6h 9 910 425 450 365 2315  
7d 4 185 230 275 165 385  
8d 5 100 495 400 95   
9c 15 210 320 900 255 260  
10c 20 160 210 150 200   
11 12 165 30 125 85 35  
12d 12 180 325 330 290 215  
13f 10 2385 255 3135 915 1595  
14d 9 605 605 300 220   
15c 15 90 230 105 70   
16c 30 90 85 85 30   
17d 11 125 770 95 55 75  
18d 12 2660 1255 270 1145 325  
19 23 300 90 120 85 140  
20h 20 10 790 550 430 520  
21c 25 220 140 295 2020 1595  
21Bc 11 130 75 75    
22d 7 155 180 15 50   
23d 12 1290 475 540 705 1100  
24g 12 
475≤  
255 60 95 1090 375  
 
Notes: 
Refer to Notes at the end of Table 11. 
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Table 9 – Total Nitrogen (mg/L) values for the samples 
For sampleb Site 
no. 
System 
age (yrs) 
Compliance 
valuea (mg/L) 1 2 3 4 5 6 
1h 13 400 400 400 430 1300 270 
2e 4 350 420 380 320 380  
3c 21 400 380 470 530 430 320 
4c 10 320 350 300 360 340  
5h 5 640 500 460 530 470  
6h 9 650 670 620 590 620 630 
7d 4 380 400 390 420 380  
8d 5 370 320 330 310 310 300 
9c 15 250 340 370 390 300  
10c 20 260 230 270 260 230  
11h 12 320 28 270 320 250 97 
12d 12 340 330 350 310   
13f 10 260 330 280 410 290 270 
14d 9 530 540 520 600 520  
15c 15 400 360 320    
16c 30 150 210 190 170 170  
17d 11 370 660 380 450 390 400 
18d 12 550 440 340 360 290  
19 23 69 110 98 96 97  
20h 20 730 740 750 760 830  
21c 25 1300 890 890 960 800  
21Bc 11 350 350 400 300 390  
22d 7 290 270 260 240 220  
23d 12 470 530 540 540 510  
24g 12 
200≤  
460 530 450 240 110  
 
Notes: 
Refer to Notes at the end of Table 11. 
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Table 10 – Total Phosphorus (mg/L) values for the samples 
For sampleb Site 
no. 
System 
age (yrs) 
Compliance 
valuea (mg/L) 1 2 3 4 5 6 
1h 13 44 43 40 70 260 32 
2e 4 46 45 40 41 52  
3c 21 51 41 54 63 42  
4c 10 48 44 41 48 40  
5h 5 74 48 49 52 43  
6h 9 77 82 66 53 60 72 
7d 4 53 54 48 52 51  
8d 5 50 43 49 42 44 42 
9c 15 37 40 44 46 38  
10c 20 32 35 32 32 33  
11h 12 45 23 28 35 31 12 
12d 12 37 38 37 33   
13f 10 42 97 39 160 83 39 
14d 9 70 80 53 54 52  
15c 15 45 41 39    
16c 30 23 25 21 24 21  
17d 11 59 95 52 57 49 56 
18d 12 270 68 44 120 49  
19h 23 24 24 21 19 21  
20h 20 89 91 77 87 79  
21c 25 80 68 71 71 63  
21Bc 11 40 39 50 22   
22d 7 31 27 26 25 36  
23d 12 50 39 43 45 89  
24g 12 
20≤  
37 33 33 94 41  
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Notes: 
a Refers to the modified compliance criteria derived above. 90% of the samples 
taken over 3 consecutive months should be less than or equal to the amount 
shown. 
b Sample no.  Sampling date 
1   11, 12/10/01 
2   18, 19/10/01 
3   25, 26/10/01 
4   07, 08/11/01 
5   15, 16/11/01 
6   23, 30/11/01 
c Sites where the septic tanks is completely filled with sludge up to the outlet 
level. These sites were not included in the effluent quality evaluation as 
discussed in Section 5.3.2B. 
d Sites where the septic tank has a layer of compacted sludge and overlain by a 
very thick viscous layer of sludge and supernatent mixed together up to the 
outlet level. These sites were not included in the effluent quality evaluation as 
discussed in Section 5.3.2B. 
e This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The septic tank at this site could not be located and hence its 
condition could not be verified. 
f This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The septic tank in the main toilet at this site was not checked and 
hence the overall condition of the system could not be verified. 
g This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The householder did not want the septic tank to be checked as he 
was away on holidays and hence its condition could not be verified. 
h These sites do not comply with the effluent quality criteria.. 
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B. Behaviour of septic tanks with high sludge load 
There are two possible options for the behaviour of a septic tank containing an 
excessive sludge load and hence providing a low detention time for sewage inflows. It 
could result in the displacement of collected sludge and its replacement with fresh 
sewage inflow. This would result in a high suspended solids concentration with the 
resulting effluent outflow. Alternatively, it could result in the short circuiting of 
incoming sewage flow and its almost immediate exist form the septic tank resulting in 
the discharge of partially or untreated sewage flow in spurts of short duration following 
a toilet usage event. 
 
Goonetilleke et al. (2000) has investigated this issue in a septic performance evaluation 
study for Logan City Council. They injected two rare earth tracers, Lutetium and 
Yttrium with a fluorescent dye into the toilet of a house where the septic tank was found 
to be filled with sludge and scum and was in need of immediate sludge removal. The 
result obtained from the tracer study is shown in Figure 6. 
 
As illustrated in Figure 6, one hour after the injection of the two tracers and the 
immediate flushing of the toilet cistern, a noticeable peak in both elements was 
observed at the distribution box. Subsequent flushing of the cistern at one and two hours 
after the tracer injection produced peaks of lower intensities with a delay of about one 
hour in both instances. It was surmised that the detention period being provided in the 
system including travel time through the sewer pipes was approximately one hour. This 
meant that the detention time provided in the septic tank itself was negligible and that 
there was definite short-circuiting of flow rather than the displacement of septic tank 
contents. 
 
These observations helped to explain a contradictory phenomenon that was observed 
during the effluent testing program for that project. Despite the negligible treatment that 
the wastewater would have been afforded by such a septic tank, effluent testing 
indicated comparatively favourable quality parameters. It was possible to postulate that 
this was due to the almost immediate discharge of the wastewater from the septic tank 
as plug flow and containing a high pollutant concentration after a toilet usage event.  
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Figure 6 – Intensity of tracer vs time 
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The pollutant concentration in the effluent discharge from the septic tank would be 
similar to the results obtained from the tracer study given in Figure 6. The likelihood of 
a toilet usage event coinciding with a sampling episode would be quite remote. 
Therefore it was most likely that effluent samples would have been collected at some 
point after peak flow when the pollutant concentrations were low. This hypothesis has 
added significance considering the fact that in systems treating only blackwater, the 
flow would be very intermittent when compared to combined systems treating black and 
greywater together. 
 
The carry over of accumulated sludge in the septic tank was not observed at the site that 
was investigated at any time during effluent sampling. This was despite the high sludge 
volume contained in the septic tank. In fact, the suspended solids concentration in the 
effluent was found to be relatively low. It was postulated that the plug flow of sewage 
effluent could be due to a combination of conditions such as the compaction of the 
sludge layer and the forming of a hard crust thereby preventing its scouring due to the 
inflow of wastewater. These were common features observed in most septic tanks where 
sludge removal had not been undertaken for an inordinately long period of time. Even in 
the case of this research study, a number of sites where the septic tank was filled with 
sludge, the effluent indicated satisfactory BOD and suspended solids concentration and 
compliance with criteria. 
 
The observations noted raises a very important issue. Effluent sampling alone will not 
always be a reliable indicator of septic tank performance as the above results have 
demonstrated. Effluent sampling will only provide a ‘snap shot’ in time, which may not 
be the correct depiction of the septic tank performance. The depth measurement of 
septic tank constituents too will also need to be undertaken and correlated with other 
parameters to evaluate its expected performance.  
 
C. Comments on results obtained 
There is a wide variation in the effluent sampling results obtained. This is not altogether 
surprising. Goonetilleke et al. (1999) in a review of 12 previous studies on combined 
grey and blackwater systems noted a similar wide variation in the results reported 
relating to effluent quality. This can be attributed to the large number of variables, 
which can significantly influence effluent quality. 
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A number of factors needed to be taken into consideration in the evaluation of septic 
tank treatment performance in the current study. Firstly, the evaluation was based on the 
procedure outlined in the Interim Code of Practice for On-site Sewerage Facilities 
(DNR 1999). The Code has stipulated that a minimum of five effluent samples needed 
to be tested and 90% of the results obtained had to comply with the specified criteria. 
This meant that four out of the five samples tested had to be in compliance. 
 
Secondly, as pointed out in Section 5.2, the sludge collected in the septic tank and hence 
the retention time provided to the wastewater has an impact on the effluent quality. Also 
the results of the tracer study undertaken by Goonetilleke et al. (2000) and discussed in 
Section 5.3.2B above need to be taken into consideration, where it was found that when 
the retention time provided is negligible and there is no mixing taking place in the septic 
tank. Consequently a wastewater inflow resulting from a toilet usage event will flow 
through the system as plug flow. This would mean that an effluent sample collected in 
the distribution box may not truly reflect the level of treatment provided by the septic 
tank.  
 
This would be the case not only when the septic tank is completely filled with sludge, 
but also where there is a compacted sludge layer at the bottom and overlain by a very 
thick viscous layer of sludge and supernatant mixed together. In this instance also, the 
difference in density between fresh wastewater inflow and the sludge-supernatant 
mixture in the septic tank would ensure that short circuiting of flow would take place 
resulting in minimal treatment. As such, it would not be acceptable to include these sites 
also in the evaluation of effluent quality. Similarly a number of other sites also could 
not be included as the condition of the septic tanks at these sites could not be verified. 
This meant that the effluent sampling results obtained for the majority of sites needed to 
be disregarded as listed below and for the following reasons: 
• Sites 3, 4, 9, 10, 15, 16, 21 and 21B as the septic tanks were completely filled with 
sludge. 
• Sites 7, 8, 12, 14, 17, 18, 22 and 23 as the septic tank contents consisted of a 
compacted sludge layer overlain by a thick viscous sludge-supernatant mix. 
• Site 2 as the septic could not be located and hence its condition could not be 
verified. 
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• Site 13, as the septic tank servicing the main toilet was not checked and hence its 
condition is not known. However, considering the very high suspended solids 
concentration in the effluent at this site does seem to indicate that the septic tank 
performance is not satisfactory. 
• Site 24, as the condition of the septic tank could not be verified as the owners did 
not want the tank to be opened as they were away on holidays. 
 
Unfortunately, this meant that out of an initial sample of twenty five systems monitored, 
the performance of only six systems were suitable for evaluation. An obvious question 
would be as to why the septic tanks were not checked prior to the commencement of the 
effluent sampling. This would have enabled the selection of suitable sites for effluent 
sampling. However in reality, this approach would not have been feasible. The 
difficulties encountered in site selection were discussed in detail in Section 5.1.1. A 
large number of householders contacted refused to participate in the research project. 
Among those who agreed to participate, a number of them did so with some reluctance. 
Under these circumstances, it would have created problems if the septic tank inspections 
were undertaken at the inception. The possibility exists that it could have been 
misconstrued that this was a GCCC inspection program being implemented by stealth. 
The need to build trust between the QUT team and the householders was essential. It 
was only then that the householders were approached for their approval to inspect the 
septic tank. However in the case of a few sites which were found unsatisfactory, the 
effluent sample program was terminated towards the end. 
 
Consequently, comparing the results for the suitable sites as given in Tables 7 – 10 with 
the compliance criteria, it appears that the performance of a number of systems is 
unsatisfactory. The results obtained indicate that the septic tank performance is 
marginally better with regards to BOD and suspended solids removal when compared to 
nitrogen and phosphorus removal. Table 11 summarises the conclusions derived from 
the effluent sampling results. 
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Table 11 – Analysis of effluent sampling results 
Criteria Sites in compliance 
Removal of BOD only 5 (83%) 
(Site 1, 5, 6, 11 & 19) 
Removal of suspended solids only 2 (33%) 
(Site 11 & 19) 
Removal of BOD and suspended 
solids together 
2 (33%) 
(Site 11 & 19) 
Removal of nitrogen  1 (17%) 
(Site 19) 
Removal of phosphorus 0 
 
As Table 11 indicates, only a relatively small percentage of the sites comply with the 
criteria for the removal of suspended solids alone or BOD and suspended solids 
together. It should be noted that due to the reasons discussed above, only sites where 
sludge build up was not excessive was considered in the evaluation. This essentially 
reduced the number of eligible sites by over 75%. The situation is even worse in the 
case of nitrogen and phosphorus removal. Only one of the sites is in compliance with 
nitrogen removal and none for phosphorus removal. The pH and EC values obtained for 
the effluent samples are also given in Appendix B. In this case, most of the values 
obtained are typical of those reported in other studies of this nature. 
 
However sites 19 and 20 are noteworthy in regards to the electrical conductivity values 
obtained for the effluent. Electrical conductivity is considered as an indicator of 
dissolved salts in the effluent. Site 19 has had sludge removed about two years ago. 
Other than for phosphorus, the effluent was in compliance with the effluent criteria for 
BOD, suspended solids and nitrogen. Even in the case of phosphorus, the values were 
only marginally higher. Similarly, the electrical conductivity values are relatively low 
for this site when compared to the other sites. The other extreme is Site 20. This site has 
had its trenches replaced and the septic tank pumped out also about two years ago. 
However it did not satisfy any of the effluent criteria. Secondly, the electrical 
conductivity obtained are among the highest. It is surmised that this due to improper 
operational practices by the householder which may have also led to the recent disposal 
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system failure. This highlights the need for a householder awareness program on septic 
tank operational and maintenance practices. 
 
 
5.3.3 General comments on effluent sampling 
In conclusion, it is obvious that the treatment provided by a significant number of the 
septic tanks investigated is very poor. None of the systems investigated were able to 
comply with the criteria phosphorus removal and only one system for nitrogen removal. 
It was only marginally better for BOD and suspended solids removal together. As 
nitrogen and phosphorus removal is not a primary function of the septic tank, this aspect 
could be downplayed. However the vast majority of the systems investigated are also 
not performing their primary function, namely BOD and suspended solids removal to 
satisfactory levels. The situation was further aggravated by the fact that 70% of the sites 
investigated were already not even in a position to undertake the treatment of sewage. 
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6. DISCUSSION OF RESULTS 
 
The householder survey undertaken clearly illustrated that the overwhelming majority 
(88%) were unaware of the correct operational and maintenance practices for septic 
tanks. The observations noted during the site selection process provided clear evidence 
in this regard. There were significant difficulties in locating suitable sites. An 
appreciable number of householders were unaware of the locations of the various 
treatment components or had covered the area with pavers, concrete or fill material. 
These conclusions were confirmed beyond doubt after the inspection of the septic tanks. 
70% of the sites inspected were found to have excessive sludge collected, thereby not 
being able to provide adequate retention time for sewage treatment. It was noteworthy 
that over three fourths of these sites were over ten years old and this essential 
maintenance requirement had not been undertaken. This essentially can be related to the 
lack of knowledge of the adverse public health and environmental impacts of onsite 
sewage treatment system failure. However it should also be noted that sludge removal 
alone is not a guarantee of good quality effluent as noted in one of the systems where it 
has been (site 20) undertaken in the recent past. This highlights the need to undertake 
a regular householder awareness program on the correct septic tank operation and 
maintenance practices and the adverse consequences of system failure. 
 
The tracer study undertaken on a septic tank with excessive sludge collection and 
quoted in the report has highlighted the fact that septic tank inspections and sludge 
depth measurements should be an integral component of a monitoring program. Effluent 
sampling alone is not always a reliable method of monitoring septic tank treatment 
performance and particularly if the sludge build up is excessive. Due to possible 
reduced retention capacity available, a sewage inflow can flow through the system as a 
pollutant slug and there will not be any mixing taking place in the septic tank.  
 
Secondly, the householder awareness program needs to be directly linked to a 
stringent monitoring program to be undertaken by the Gold Coast City Council to 
ensure householder compliance and adherence to recommended practices. These 
two programs should not only be linked together but should also complement each 
other. Guidelines in this regard has been provided in AS/NZS 1547:2000, 
  55
Australian/New Zealand Standard, Onsite Domestic Wastewater Management. Under 
Clause 3.7.4: Monitoring, the following actions have been recommended: 
• All systems should be monitored to ensure satisfactory operation and maintenance. 
• Monitoring frequency should take into account system age, type and past history. 
• The issue of a maintenance certificate after a monitoring inspection. 
• The maintenance of operation and maintenance records. 
 
Additionally Clause 3.7.5 has recommended the registration of onsite sewage treatment 
systems. This is in order to keep track of: 
• change of ownership. 
• change in size of premises. 
• change of use of premises. 
• demolition of premises. 
 
The difficulties involved in implementing these recommendations are acknowledged. 
However it is also important to note that the current regulatory and legislative 
framework demand the adoption of stringent measures to manage potential public health 
and environmental hazards. The possible adverse impacts were very clearly 
demonstrated in the recent faecal contamination of oyster beds in Wallis Lake in NSW, 
which led to a serious outbreak of Viral Hepatitis A (Ryan v Great Lakes Shire Council 
1999 FCA 177). It is also important to note that in a number of sites investigated during 
the study, the land extents were comparatively small and were typical to those suburbs. 
This translates to a relatively high density of septic tanks in a given region. This 
increases the potential for the contamination of water sources due to the failure of onsite 
sewage treatment systems. 
 
The effluent sampling results obtained for the systems containing excessive sludge build 
up was not used in the comparison study. This was due to the fact that it is near 
impossible to obtain a representative effluent sample due to their plug flow 
phenomenon. This entailed the use of results from only six systems (25% of overall 
sample) being used for comparison with compliance criteria. The results obtained 
were far from satisfactory. Though five sites (83%) satisfied the criteria for BOD 
removal alone, only two sites (33%) satisfied the criteria for suspended removal 
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and for both BOD and suspended solids removal. Only one of the sites complied 
with the criteria for nitrogen removal and none for phosphorus removal. It should be 
borne in mind that the primary function of septic tanks is the removal of suspended 
solids firstly and removal of BOD secondly. Nevertheless even if the removal of 
nitrogen and phosphorus is not considered, the results obtained are still unsatisfactory. 
 
The significant unreliability of septic tank treatment performance also highlights the 
need for adopting performance based strategies for the design and management of onsite 
sewage treatment systems as a whole. Traditionally onsite system siting, design and 
management has been based on the specific conditions on the lot in question with little 
regard to the surrounding environment or the cumulative effect of other systems in the 
environment. There should be recognition that onsite wastewater systems are treatment 
systems, which must disperse treated wastewater back to the environment or recycle it 
in a manner that protects public health and the environment. Consequently, this in turn 
entails the recognition of two interrelated issues. Firstly, there is a need to ensure that 
appropriate technology is employed to meet specific environmental safeguards. 
Secondly, there is a need for the articulation of treatment standards and criteria which 
are flexible and robust to satisfy specific environmental requirements.  
 
This approach entails the integration of the concepts of hazard assessment and 
characterisation and risk assessment and risk management together with site specific 
characteristics in the siting, design and management of onsite sewage treatment 
systems. These concepts are currently not being commonly applied to onsite sewage 
treatment. The general approach has been to try and apply the same regulatory yardstick 
to all sites equally, regardless of sensitivity or lack thereof, of the receiving 
environment. On the other hand, the application of the concept of risk entails the 
explicit acknowledgement of environmental sensitivity. Hazard assessment and 
characterisation and risk assessment and risk management have become important tools 
for environmental and public health protection. Considering the adverse consequences 
of system failure, it is imperative that these concepts are also extended to onsite sewage 
treatment. This would entail the assessment of engineering, ecological and public health 
risk associated with onsite sewage treatment and its integration into a single cohesive 
risk assessment framework. 
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7. IMPLICATIONS OF SYSTEM FAILURE 
 
7.1 General Comments 
 
Water quality and land use are complex issues. The degradation of water quality due to 
urbanisation is widely acknowledged. Onsite sewage treatment systems play a 
significant role in this regard (Geary 1992). Inadequate system performance or total 
system failure is a common occurrence and the transmission of pollutant loads to the 
natural environment are the ultimate consequences. The main reasons that have been 
attributed to the inadequate performance of onsite sewage treatment systems are: 
• unsatisfactory operation and maintenance practices by the householder. 
• insufficient consideration of soil characteristics at site in the design of the effluent 
disposal system leading to under design and eventual failure. 
 
The failure of onsite sewage treatment systems can lead to serious environmental and 
public health impacts. The two issues are interrelated and most environmental impacts if 
they become sufficiently severe, ultimately result in health impacts. These impacts 
include: 
• spread of infectious diseases; 
• breeding of mosquitoes and attraction of flies and rodents; 
• nuisance and unpleasantness; 
• pollution and infection of surface water bodies; 
• contamination of bores, wells and groundwater; and 
• alteration of local ecology. 
(AS/NZS 1547:2000) 
 
 
7.2 Adverse Consequences 
 
Groundwater contamination by septic tanks  is the most common form of pollutant 
occurrence due to the subsurface disposal of effluent. Consequently groundwater 
contamination can result due to: 
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• the failure of the subsurface effluent disposal system to retain contaminants; 
• high groundwater levels where the soil cover between the infiltration bed and the 
water table is inadequate leading to reduced travel paths through the soil; 
• the inadequate dilution being provided by the groundwater to the effluent infiltrating 
through the soil matrix. 
 
In addition to the review of groundwater contamination undertaken by Yates (1985) and 
discussed in Section 5.1.3 a number of studies have related septic tank failure to the 
contamination of water bodies. Reddy and Dunn (1984) in a three-year study of a 
catchment containing a large number of septic tanks found significant concentrations of 
nitrate, phosphorus and chlorides in the groundwater. Hoxley and Dudding (1994) have 
presented the results of two studies undertaken in Victoria on groundwater 
contamination. In the first, groundwater contamination by septic tanks had resulted in a 
plume of nitrate interacting with the nearby Broken River. Additionally, significant 
bacterial contamination was also detected. In the second investigation, a shallow 
aquifer, which acted as a water supply source as well as a repository for septic tank 
effluent, was found to have such high pollutant levels that it was no longer fit for human 
consumption without suitable treatment. In both instances, the authors have considered 
and discounted the possibility of microbial contamination from sources other than septic 
tanks. In both locations, the soils were low to moderately draining but interspersed with 
sand and gravel layers giving rise to shallow aquifers. Similarly DeWalle and Schaff 
(1980) have evaluated 98 well records obtained over a 30-year period in a 437 sq km 
area with a relatively high septic tank density. A gradual deterioration of groundwater 
and surface water quality was noted which could be directly attributed to sewage 
effluent discharges. In fact the median coliform values in streams were found to have 
increased by 70% per year during the previous ten years. 
 
Though most of the research emphasis in this regard has been on groundwater 
contamination, surface water is not immune to this situation. Quite often surface water 
contamination results from the discharge of polluted groundwater. Harris (1995) 
investigating the contamination of coastal areas by pathogens and nutrient 
concentrations has estimated that about 55-85% of the nitrogen entering a septic tank is 
available to the groundwater. Furthermore it can be assumed that a significant 
percentage of this nitrogen is then eventually discharged to surface water.  
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Reneau et al. (1975) have evaluated the bacteriological quality of surface water and 
perched groundwater of a 80 ha catchment. The soils were poorly drained and the area 
contained numerous failing septic systems. Sites not subjected to runoff from areas 
containing failing systems had a negligible coliform count, whereas the other sites 
where septic effluent was seeping to the surface had high faecal coliform counts. 
Contamination of the water originating in the catchment was particularly noticeable 
during or following a rainfall event when effluent was flushed by the movement of 
runoff over and through the soils into the surface waters. 
 
Unfortunately, issues such as nutrient enrichment of waterways do not always draw the 
attention of the public, the media or the decision-makers as the impacts are long-term 
and not always visible. However waterborne disease outbreaks as a result of microbial 
contamination are a completely different situation. Its consequences are always 
unpleasant and sometimes fatal. It will invariably result in wide media coverage, 
adverse publicity and public concern. This situation arose in early 1997 in New South 
Wales when 444 people contacted ‘viral hepatitis A’. This is a highly infectious viral 
disease, which attacks the cells in the liver. The disease outbreak was traced to the 
consumption of contaminated oysters from Wallis Lake in NSW. The oysters had been 
contaminated due to sewage overflows from failed septic tanks in the vicinity of the 
lake. 
 
It is unfortunate that incidents such as the above have to occur to draw attention to the 
serious implications of onsite sewage treatment system failure. This situation is not due 
to the lack of relevant research and investigations. The direct link between septic tank 
density and groundwater contamination was noted by Yates (1986). Similarly case 
studies relating onsite sewage disposal to surface water and groundwater contamination 
have been undertaken for example by Bouma et al. (1972), DeBorde et al. (1998), 
Harris (1995), Hoxley and Dudding (1994), Martens and Warner (1991), Robertson et 
al. (1991). Furthermore considerable research has been undertaken on the fate and 
transport mechanisms of various pollutants in sewage effluent subjected to onsite 
disposal.  
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8. CONCLUSIONS 
 
This report has discussed the findings of the study undertaken to evaluate the treatment 
performance of septic tanks treating blackwater in the Gold Coast City Council area. 
Based on the outcomes of the study, a number of important conclusions have been 
derived and recommendations made.  
 
The recommendations made are based on a dual strategy. Firstly, to ensure that the 
householders are better informed of the proper operation and maintenance of septic 
tanks. This process is to be strengthened by the implementation of a stringent 
monitoring program. Secondly, to initiate a performance based strategy underpinned by 
hazard characterisation and risk assessment for the planning, design and management of 
onsite sewage treatment systems. Considering the large number of variables involved, 
prescriptive practices for onsite sewage treatment is not feasible. Any strategies 
developed will need to account for the many factors involved. It requires the adoption of 
innovative approaches underpinned by a comprehensive knowledge base of the 
processes involved, which influence sewage treatment. 
 
The strategies as proposed will ensure that householder responsibility towards 
management of onsite sewage treatment systems is enhanced. At the same time, the 
Gold Coast City Council will be better prepared to implement a comprehensive 
management program to ensure improved compliance with accepted standards and 
practices. 
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APPENDIX A 
COPIES OF HOUSEHOLDER QUESTIONNAIRES 
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CHECK LIST 1 
INITIAL TELEPHONE CONTACT 
 
Name:…………………………………………………………………………………… 
Address:………………………………………………………………………………… 
Telephone:…………………………………. 
No of occupants:…………… 
Effluent distribution system: 
Sprinkler/subsurface:……………………………………………………………...……. 
Availability for 
inspection:……………………………………………………………………... 
Special instructions:…………………………………………………………………….. 
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Site Ref.…………………… 
 
CHECK LIST 2 
INITIAL VISIT 
 
General 
Date:………………… 
Owner:……………………………………………………… 
Street 
address:………………………………………..……………Suburb………..………..….. 
Telephone:……………………. Land extent:…………Refidex location:……………… 
Location: suitable/not suitable   
Reasons……………………………………………………………………….………….. 
Plans available:  yes/no  soil investigation report available: yes/no  
Dogs: yes/no   Power available/not available Distance to wells:………… 
No. of people in residence:………. Occupancy:……………………………...…………. 
General availability for taking water samples:...………………………………………… 
Comments:…………………………………………………………………………..…… 
…………………………………………………………………………………………… 
…………………………………………………………………………………………… 
 
Sewage treatment 
Type of treatment system:……………………………..Size:…………………………… 
Type of water being treatment: black only/black + grey  Age:……………… 
Effluent disposal system (including area & depth):………………………………...….. 
……………………………………………………………………….……...…………… 
Deviations from layout available with Council:………………………………………. 
…………………………………………………………………………………………… 
Grey water disposal system (if applicable):…………………………….……………….. 
Recent maintenance undertaken:………………………………………………………... 
Problems encountered:…………………………………………………………………... 
Comments:………………………………………………..……………………………… 
……………………………………………………………………………….…………... 
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Site conditions 
Expected soil type:………………... Actual soil type:………………………………….. 
Geology:………………………….………………….Terrain:  level/sloping/landscaped 
Vegetation:………………………………………………………………………………. 
Ground conditions:……………………………………….……………………………… 
Comments:………………………………………….…………………………………… 
…………………………………………………………………………………………… 
…………………………………………………………….……………………………... 
………………………………………………………….………………………………... 
………………………………………………………….………………………………... 
…………………………………………………………………………………………… 
 
Site history 
Fertiliser application:  yes/no        Animals: yes/no 
Previous usage:…………………………….…………………………………………….. 
Current usage:……………………….………..………………………………………….. 
Comments:……………………………………..………………………………………… 
…………………………………………………………………………………………… 
……………………………………………………….…………………………………... 
…………………………………………………….……………………………………... 
…………………………………………………….……………………………………... 
Other 
Comments:……………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
…………………………………………………………………………………………… 
…………………………………………………………………………….……………... 
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APPENDIX B 
ADDITIONAL EFFLUENT SAMPLING RESULTS 
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pH values for the samples 
For sample 
Site no. 
System age 
(yrs) 1 2 3 4 5 
1 13 7.98 8.27 8.33 8.07 8.21 
2e 4 8.04 8.41 8.16 8.45  
3c 21 7.66 7.80 7.78 8.25 8.19 
4c 10 7.55 7.55 7.76 7.50 8.06 
5 5 8.00 8.19 8.19 8.03 8.36 
6 9 8.00 8.00 8.39 8.63 8.57 
7d 4 7.88 7.96 7.70 7.59 7.83 
8d 5 8.28 8.25 8.35 8.54  
9c 15 6.97 6.90 6.73 6.40 7.16 
10c 20 7.74 7.79 8.00 7.64 7.76 
11 12 6.97 8.14 7.93 8.31 7.91 
12d 12 7.30 7.69 7.77 7.30 7.80 
13f 10 8.10 8.22 7.94 8.25 8.14 
14d 9 7.71 7.84 7.90 8.20 8.13 
15c 15 7.68 8.09 8.10   
16c 30 7.82 7.75 7.57 7.62 7.74 
17d 11 7.54 7.72 7.70 7.62 7.66 
18d 12 8.30 8.60 8.26 8.20 8.29 
19 23 7.40 7.48 7.95 7.50 7.69 
20 20 8.10 8.20 8.43 8.24 8.59 
21c 25 8.78 8.75 8.90 9.06 8.68 
21Bc 11 8.28 8.69 8.24 8.17 8.52 
22d 7 8.25 8.25 8.39 8.20 8.80 
23d 12 8.60 8.72 8.95 8.88 7.86 
24g 12 8.70 8.65 8.77 8.47 8.14 
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Electrical conductivity (mS/cm) values for the samples 
For sample 
Site no. 
System age 
(yrs) 1 2 3 4 5 
1 13 3.20 3.60 3.55 2.99 2.85 
2e 4 3.63 3.48 3.02 3.48  
3c 21 3.94 3.72 4.63 4.10 3.19 
4c 10 2.87 2.98 2.99 3.25 3.32 
5 5 3.92 4.24 3.45 4.07 4.06 
6 9 4.44 5.02 5.32 5.07 4.60 
7d 4 3.81 4.01 3.96 3.85 3.91 
8d 5 3.03 3.06 3.07 2.89  
9c 15 2.06 2.84 3.07 3.25 3.36 
10c 20 2.50 2.77 2.44 2.48 2.29 
11 12 1.16 2.62 2.80 2.43 1.53 
12d 12 2.97 3.10 3.00 3.14 3.13 
13f 10 2.44 2.41 2.56 2.36 2.14 
14d 9 4.87 5.00 4.93 5.15 4.71 
15c 15 3.63 3.40 2.92   
16c 30 1.67 2.17 1.85 1.68 1.81 
17d 11 3.66 3.75 3.85 3.68 4.00 
18d 12 4.44 3.65 3.09 2.75 2.89 
19 23 1.12 1.36 1.31 1.21 1.24 
20 20 6.11 6.03 6.19 6.27 6.00 
21c 25 9.75 7.51 7.75 7.47 6.84 
21Bc 11 3.21 3.31 3.39 2.18 3.62 
22d 7 2.62 2.50 2.61 2.28 4.20 
23d 12 4.26 4.23 4.53 4.42 1.08 
24g 12 4.56 4.78 4.80 2.77 3.43 
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Notes: 
c Sites where the septic tanks is completely filled with sludge up to the outlet 
level. These sites were not included in the effluent quality evaluation as 
discussed in Section 5.3.2B. 
d Sites where the septic tank has a layer of compacted sludge and overlain by a 
very thick viscous layer of sludge and supernatent mixed together up to the 
outlet level. These sites were not included in the effluent quality evaluation as 
discussed in Section 5.3.2B. 
e This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The septic tank at this site could not be located and hence its 
condition could not be verified. 
f This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The septic tank in the main toilet at this site was not checked and 
hence the overall condition of the system could not be verified. 
g This site was not included in the effluent quality evaluation as discussed in 
Section 5.3.2B. The householder did not want the septic tank to be checked as he 
was away on holidays and hence its condition could not be verified. 
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APPENDIX C 
PHOTOGRAPHS FROM THE MEASUREMENT OF SLUDGE DEPTH IN 
SEPTIC TANKS  
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Site 16 
Septic tank is thirty years old and serving one person. 
Sludge removal has never been undertaken. 
Note the hard crust formed by the scum and 
rising to about 100 mm above outlet opening. 
The septic tank is completely filled with sludge and 
there is no space available for inflow of wastewater 
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Site 14 
Septic tank is nine years old and serving two to four 
people. Sludge removal has never been undertaken. 
Sludge and water mixed together forming a very 
thick liquid from 700 – 1100 mm. 
Compacted sludge to a depth of about 700 mm. 
Scum from 1100 – 1350 mm has hardened to 
form a thick crust. 
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Site 8 
Septic tank is five years old and serving four people. 
Sludge removal has never been undertaken. 
Unlike in Site 14, the scum layer has not yet hardened 
as the septic tank is only five years old. 
Compacted sludge layer is about 550 mm and 
gradually building up. 
Sludge and water mixed together forming a very 
thick liquid from 550 – 1100 mm, similar to Site 14. 
Difficult to separate the liquid and scum layers. 
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Site 3 
Septic tank is twenty one years and serves two to three 
people. Sludge removal has never been undertaken. 
The scum layer appears to have blended with the sludge. 
The trough indicates possible scouring of the scum layer. 
1. The septic tank is completely filled with sludge and 
there is no space available for inflow of wastewater. 
2. Considering the height of the sludge/scum layer it 
appears that the top of the layer is being scoured due 
to wastewater inflow. 
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1. The scum layer has risen to about 150 mm above the 
inlet and has almost covered the baffles completely.  
2. The septic tank outlet appears to be blocked. 
Compacted sludge layer is about 300 mm and 
gradually building up. 
Sludge and water mixed together forming a very 
thick liquid from 300 – 1370 mm, similar to Site 14. 
Difficult to separate the liquid and scum layers. 
Site 7 
Septic tank is four years old and serving two people. 
The outlet appears to be blocked.
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Site 10 
20 year old septic tank. Note sulphide attack near 
the outlet baffle 
Site 19 
23 year old septic tank serving 2 people. Sludge 
removal has been undertaken about two years ago. 
Note the following: 
1. The scum layer is negligible. 
2. The supernatant is clear with relatively minor 
concentration of suspended solids. 
3. There is a clear demarcation between the 
supernatant and the sludge layer at the bottom 
 
